ABSTRACT Adult emergence of the gall maker Aiolomorphus rhopaloides Walker and its inquiline, Diomorus aiolomorphi Kamijo, was examined in three stands of the bamboo, Phyllostachys heterocycla Matsumura. A. rhopaloides emerged from the galls from mid-April to early May, coinciding with the bamboo bud elongation period. This synchronization suggests that eggs laid in the new shoots have a nutritional advantage for resulting larvae, and that a slight advance or delay in emergence may reduce suitable oviposition sites, causing population ßuctuations. D. aiolomorphi emerged from late April to early June during the bamboo shoot elongation period and females could lay eggs in elongated shoots providing relatively higher nutrition for larvae. The difference in the gall density on P. heterocycla and P. bambusoides Siebold and Zuccarini is explained on the basis of synchronization with host plant phenology.
VARIATION IN PLANT phenology may be a major determinant of the distribution and population dynamics of herbivores on their host plant (Fox et al. 1997) . Price et al. (1995) emphasized the importance of a link between oviposition preference and offspring performance in studies of population dynamics, especially of gall-forming sawßies. Price and Martinsen (1994) argued that bottom-up effects (i.e., plant quality) might be particularly important in host plants to which many herbivores respond positively, compared with topdown forces (i.e., natural enemies). Yukawa (2000) stressed as a bottom-up effect that synchronization of emergence of gall makers with their host plant phenology determines the abundance of gall makers. After the insect is enveloped by the developing gall, it cannot move to another site. Under these conditions, oviposition site selection favors specialization in oviposition timing and location (Abrahamson and Weis 1987) .
Aiolomorphus rhopaloides Walker (Hymenoptera: Eurytomidae) induces a gall on two species of bamboo, Phyllostachys heterocycla Matsumura and P. bambusoides Siebold and Zuccarini (Monocotyledoneae: Gramineae) in Japan (Takahashi and Mizuta 1971 , Kobayashi 1994 , Yukawa and Masuda 1996 . Diomorus aiolomorphi Kamijo (Hymenoptera: Torymidae) is an inquiline (phytophagous insects that cannot make their own galls, but feed on gall tissue) on bamboo (Takahashi and Mizuta 1971) . Both species are univoltine. The adult females of A. rhopaloides oviposit in the young buds of bamboo branchlets, which develop into galls (length: 20 Ð30 mm, width: 2Ð 4 mm) (Takahashi and Mizuta 1971) . The adult females of D. aiolomorphi lay eggs in the young gall induced by A. rhopaloides (Takahashi and Mizuta 1971) . Outbreaks of this gall maker sometimes occur in stands of P. heterocycla in west Japan (Kobayashi 1994) .
In this study, I examined the adult emergence of the gall maker A. rhopaloides and its inquiline, D. aiolomorphi, in three stands of P. heterocycla bamboo for 4 yr with special emphasis on nutritional aspects of the bamboo. In addition, the difference in the gall density on P. heterocycla and P. bambusoides is explained on the basis of synchronization with host plant phenology.
Materials and Methods
Bamboo Stands. This study was carried out during 1997Ð2000 in four stands of P. heterocycla (A, B, C, and D) in Nagoya City, central Japan. Three stands were relatively close to each other (1.2Ð1.8 km apart). Mean diameters at breast height in each stand ranged from 5.0 to 7.4 cm.
Adult Emergence. More than 130 galls were collected from branches of bamboo in late-May in stands A, B, and C just before gall-maker emergence (Table  1) . Galls were put in individual test tubes (diameter: 1 cm, length: 7 cm) and kept outdoors at ambient temperature, so that gall-maker emergence was syn-chronous with Þeld populations. Emerged gall makers and inquilines were counted every 2 or 3 d.
Budburst and Elongation. Five bamboo trees were selected each year in stands A, B and C. One branch of each tree was cut once a week during early April to mid-July and the length of 10 elongated buds from the top of the branch was measured.
Adult Longevity. Ten males and 10 females of A. rhopaloides and 20 males and 20 females of D. aiolomorphi that emerged from galls collected from stand D in spring 2000 were reared in individual plastic boxes (10.5 by 2.5 by 5.0 cm) containing a Þlter paper with water and honey under room temperatures (11Ð 28ЊC); mortality was checked daily.
Female Egg Number. Females of 21 A. rhopaloides and 20 D. aiolomorphi were dissected just after emergence and the number of mature eggs in ovaries was counted. In addition, the number of mature eggs in all dead reared females was counted.
Nutrition of Bamboo. To evaluate the nutritional conditions of the bamboo, Þve bamboo trees in stand B were selected and one branch of each tree was cut on 9 April, 21 May, and 18 June 2000. The total nitrogen content in a mixture of 10 elongated buds and a mixture of 10 previous-year shoots on each branch was determined using a C-N analyzer (MT-1600, Yanako, Tokyo, Japan).
Gall Density and Elongation of Two Species of Bamboo. This study was conducted in 1999 and 2000 at the Kansai Research Center, Forestry and Forest Product Research Institute, Kyoto City, located Ϸ100 km from Nagoya City. A P. bambusoides stand neighbored a P. heterocycla stand. In mid-March each year, four branches of Þve bamboo trees in each stand were sampled and the number of galls counted. The galls were handled as described above and the number of emerged gall makers and inquilines was counted. To compare the nutritional conditions of the bamboo, a branch of each species of bamboo was cut in both stands on 9 June 2000 and the total nitrogen content of Þve new shoots on each branch was measured as described above.
Statistical Analysis. Statistical analyses were performed using the SPSS computer program (Norussis 1993) . StudentÕs t-test was used to determine differences in adult longevities between the sexes, number of eggs between females just after emergence and females after rearing and death, percent nitrogen concentrations (transformed to arcsine) between new shoots and previous-year shoots and between P. heterocycla and P. bambusoides, and gall densities between P. heterocycla and P. bambusoides (transformed to log [x ϩ 1]).
Results
Adult Emergence. Table 1 shows the number of adults emerging from galls collected from bamboo stands A, B, and C. Seasonal ßuctuations are shown in Fig. 1 . The gall maker, A. rhopaloides, and its inquiline, D. aiolomorphi, emerged from mid-April to early May, and from late April to early June, respectively.
Budburst and Elongation. Buds of P. heterocycla began to burst in late March in each stand each year and elongated until early June (Fig. 1) .
Adult Longevity. The longevities of females and males of A. rhopaloides were 12.1 Ϯ 2.9 d (mean Ϯ SD) and 10.3 Ϯ 1.2 d, respectively. There was no signiÞcant difference (t ϭ 1.149, P ϭ 0.266). The longevities of females and males of D. aiolomorphi were 10.4 Ϯ 2.8 d and 11.0 Ϯ 0.9 d, respectively. There was no signiÞcant difference (t ϭ 0.531, P ϭ 0.598).
Number of Eggs. Emerging females of A. rhopaloides had mature eggs in their ovaries ( Table 2 ). The numbers of eggs at emergence and after rearing and death was not signiÞcantly different (Table 2) . Emerging females of D. aiolomorphi had no eggs in their ovaries but had Ϸ20 eggs after rearing and death (Table 2) .
Nutrition of Bamboo. On 21 May and 18 June there were signiÞcant differences in the nitrogen contents of elongated buds and previous-year shoots of P. heterocycla (Table 3) .
Differences in Gall Densities, Adult Emergence, Bud Burst and Elongation, and Nitrogen Contents of P. heterocycla and P. bambusoides. In both 1999 and 2000, the gall densities on P. heterocycla in Kyoto City were signiÞcantly higher than on P. bambusoides (Table 4) .
Four A. rhopaloides adults emerged in early May 1999 from galls on P. heterocycla and P. bambusoides, and three emerged in mid-May 2000 (Fig. 2) . TwentyÞve adults of D. aiolomorphi emerged in mid-May to early June 1999 from P. heterocycla and P. bambusoides and 11 emerged in late May to early June 2000 (Fig. 2) .
New shoots of P. bambusoides began elongation later than P. heterocycla in both years (Fig. 2) .
The nitrogen content of new shoots of P. heterocycla and P. bambusoides on 9 June 2000 was 2.13 Ϯ 0.46% (mean Ϯ SD) and 1.91 Ϯ 0.28%, respectively. There was no signiÞcant difference (t ϭ 0.741, P ϭ 0.480).
Discussion
The gall maker, A. rhopaloides, began emerging from galls just after the budburst of P. heterocycla, and emergence continued during bud elongation. Because bamboo normally propagates by rhizomes, the sam- (Okuda and Yukawa 2000) , and between the gall aphid, Dinipponaphis autumna Monzen (Homoptera: Aphididae), and Distylium racemosum Siebold and Zuccarini (Hamamelidacecae) (Ngakan and Yukawa 1997) . Yukawa (2000) described four patterns of synchronization between midge emergence and host plant phenology: emergence within a relatively short period and a relatively short shoot availability period (synchronization pattern I), emergence within a relatively short period and a relatively long shoot availability period (synchronization pattern II), emergence over a relatively long period and a relatively short shoot availability period (synchronization pattern III), and emergence over a relatively long period and a long shoot availability period (synchronization pattern IV). The relationship between A. rhopaloides and P. heterocycla Þts pattern I in which even a slight advance or delay in emergence may damage the chances of Þnding a suitable oviposition site, causing the gallmaker population to ßuctuate tremendously (Yukawa 2000) . Numbers in parentheses show the number of adults examined. For gall makers, reproductive success and larval survival depend on successful oviposition in plant tissue suitable for production of nutritious and protective galls (Abrahamson and Weis 1987) . A. rhopaloides females have mature eggs at emergence and can take advantage of newly elongated buds of bamboo which have a higher nutritional content than previous-year shoots. Galls induced during this period provide a richer resource for larvae. Thus, simultaneity of gallmaker emergence and host plant phenology might be advantageous for larval development. In addition, galls on growing buds may grow earlier than on other parts because the differentiation is earlier and larvae are enclosed earlier. Hence, oviposition of gall makers on growing parts may enhance protection from abiotic factors (Wool 1977) and natural enemies (Weis and Abrahamson 1985) .
The inquiline, D. aiolomorphi, emerged from galls 15Ð20 d later than the gall maker, A. rhopaloides. Emerging D. aiolomorphi females had no mature eggs. Eggs probably mature in the body and oviposition is continuous and facilitated by feeding. However, the emergence period of D. aiolomorphi is still within the period of bamboo shoot elongation, so that females can lay eggs in elongated shoots with relatively higher nutritional content. Abrahamson and McCrea (1985) showed that oviposition of phytophagous insects that feed on gall tissue but cannot make their own galls is timed to take advantage of new plant growth. Many studies have noted the higher concentrations of nutrients in galls and assume that these provide enhanced nutrition for the gall maker Weis 1987, Bronner 1992) . Thus, the larvae of D. aiolomorphi might gain an advantage by feeding on the inner part of a gall induced by A. rhopaloides.
There is a signiÞcant difference in the gall densities on P. heterocycla and P. bambusoides stands, although the nutritional levels were the same. Yamaguchi (1972) pointed out that a gall-forming adelgid, Adelges japonicus (Monzen) (Homoptera: Adelgidae), induces galls on Picea jezoensis variety jezoensis Siebold & Zuccarini, but not on P. glehnii (Friedrich Schmidt) because of asynchrony between the late budburst of the latter species and egg hatch. Thus, a phenological difference of host plants might determine the density of a gall maker on different host plant species. Numbers in parentheses show the number of shoots examined. 
